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ABSTRACT 

The measurement of CP asymmetries in charged B meson decays might provide 
the first demonstration of CP violation outside the K system. Among the 
usual three CP-odd phases a, (3 and 7, the phase 7 seems to be the most 
difficult to explore experimentally. In this talk I would like to report on a recent 
analysis of the CP asymmetry in the partial widths for the non-leptonic decays 
— > MMvr^ (M = 7r+, vr^, r/), which results from the interference of the 
non-resonant decay amplitude with the resonant amplitude for — > XcO'^^ 
followed by the decay XcO ~^ MM. The CP violating phase 7 can be extracted 
from the measured asymmetry. We find that the partial width asymmetry for 
B^ — > 7r+7r~7r^ is about 0.33 sin7, and about 0.45 sin7 for B^ K^K^tt^, 
while it is somewhat smaller for B^ vr'^vr'^vr^ and B^ r]r]7r^. 
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The latest values for e'/e measured recently by the NA31 [|I| and the KTeV ex- 
periments show clearly that there is a AS* = 1 direct CP-violating non-leptonic 
weak interaction in K tctt decays. This brings us closer than ever to the Cabibbo- 
Kobayashi-Maskawa (CKM) model as a description of CP violation in the standard 
model. 

In the standard model,each generation of quark or lepton couples to the 
gauge boson through a left-handed doublet. If there is no mixing between fermions of 
different generation, there would be no AS" = 1 charged current. Hyperons and kaons 
would not decay into lighter hadrons by weak interactions. Thus mixings between 
quarks of different generation must occur to account for the AS = 1 and AB = 1 
charged currents. The mixing would probably come from the flavor-changing mixing 
in the quark mass matrix. After the rotation of the quark fields by the unitary CKM 
quark mixing matrix to eliminate the non-diagonal flavor- changing quark mass terms, 
the weak interaction eigenstates differ from the quark mass eigenstates by this unitary 
transformation so that, in terms of the mass eigenstates,the weak charged currents 
will now contain flavor- changing terms. Since the neutral current is not affected 
by the unitary transformation on the quark fields, flavor-changing neutral current is 
absent at the tree level as implied by the GIM mechanism [Q. This GIM mechanism 
already tells us that the quark mixing matrix must be unitary. Furthermore, with 
three generations, CP violation can be generated by the phase of the elements of 
V [^. Thus the weak interaction charged currents are generated with a minimum 
number of parameters. The CKM quark mixing matrix can thus be considered as a 
generalised universality for the weak interactions. V is usually defined as 
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where d, s, b and d', s', b' are respectively the mass eigenstates and weak interaction 
eigenstates for the charge Q = —1/3 quarks. Unitarity of V implies that any non- 
diagonal element of VV'' is zero. For example, for the (db) elements relevant to B 
decays, we have: 

VudV:, + VM + VtaV:, = (2) 

This can be represented by a triangle with the three angles a, (3 and 7 expressed 
in terms of the CKM matrix elements as: 

a = arg{-VuV:jVuaV:,) (3) 
(3 = arg{-V,,V:jVuV,l) 
1 = arg{-V,,V:,/V^,V:,) 
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The area of the triangle is given by: 



A{dh) = (l/2)Im {V,,V:,Vu,V:,) (4) 

which appears in the interference term between the CP-conserving and CP-violating 
physical amplitude and is a measure of CP violation. If one of the terms in is 
zero or real, the interference term vanishes since the other two terms are relatively 
real ^ . This shows that it is not be possible to generate CP violation effect by 
the quark mixing matrix if there are only 2 generations of quark. Since the 3 sides 
of the (db)-unitarity triangle are of comparable length, the 3 angles a, (3 and 7 are 
also comparable and large, CP violations in B decays and — B^ mixing would be 
appreciable and a great deal of efforts are being devoted to the measurements of the 
CP violations in B decays which will allow us to test the validity of the CKM model. 
By measuring the three angles, we can see if they all add up to tt as predicted by the 
CKM model. The angle a and (3 can be determined with good accuracy from the 
B ^ TTTT and B "^Ks- The measurement of j in Bg p^Ks is more challenging 
because of the rapid Bg — Bg oscilations |^ . Other direct CP violation measurements 
of 7 may be possible, as first pointed out in [0, ||. For example, in B Stc decays,the 
two pions in the final state can have a large invariant mass around the charmonium 
Xco state at 3417 MeV which decays into an 5- wave two-pion state and hence an 
interference occurs between the non-resonant and the resonant amplitude coming 
from the decay of the charmonium state. If the two amplitudes are comparable, CP 
asymmtry could be large and a direct CP violation in 5 ^ 37r and B KKtt 
decays could be measured. This looks quite feasible as the theoretical branching ratio 
which is 1.5 X 10~^ to 8.4 x 10~^ as given in [0] and the recent CLEO upper limits 
BR(B+ 7r+7r-7r+) < 4.1 x 10"^ and BR(B+ K+K-7r+) = 7.5 x 10"^ indicate that 
these 3-body B decays could be measured soon. In this talk, I would like to report 
on a recent work [l^ on the B decays into 3 pseudoscalar mesons as a possible way 
to see direct CP violation in B decays and to measure the angle 7. In the following, I 
present only the main results of our work, as the details can be found in this reference. 

Consider now the non-resonant B"^ —>■ MMjf^, M = 7i~^ , , , rj decays. The 
weak effective Lagrangian for the Cabibbo- suppressed non-leptonic B decays is given 
by 

= -^K:,K.(af ^Oi + al"02) (5) 

where Oi = {ub)v~A {du)v-A and O2 = {uu)v-a {db)v-A with af^ ^ 1.08, ag'^-^ ~ 
0.21 their effective short-distance coefficients taken from fits to two-body B de- 



cays |Tl[. Contributions from penguin operators are expected to be small and 
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are neglected here. To obtain the decay amphtude,we use the factorisation ap- 
proach as in [0. The matrix elements <MM'k\Cw\B> can thus be written as 
a product of two (V — A) current matrix elements taken in all possible ways 
between the initial and final state. The annihilation term < MM7r|((iM)^|0 > 
<0|(m6)a|-B> is 0{ml) and is negligible. The V xV term < MM|(-uu)v'|0 >< 
Ti\{db)v\B> from O2, is dominated by the p resonance, but is relatively small com- 
pared to the Oi contribution and is also suppressed in the region of large pion mo- 
mentum and is therefore not relevant to our analysis of the CP asymmetry. So 
the most important term in the decay amplitude comes from terms of the form 
<MM\{ub)v-A\B~><Ti~\{du)A\^> which contains the B~ MMlv semi-leptonic 
decay form factors. We obtain these i?^ form factors by extrapolating the results for 



K -K^lu to the B meson using scaling law in the heavy quark limit [113] 



These form factors are given as |jT^ 



<7r (pi)7r+(p2)|M7/^(l - 75)&|5 {Pb)> = ir{pB - P2 - Pi)t, + i'W+{p2 + Pi)i, 

+ i W-{p2 - Pl)^ -2h ef,af3'yP%P2Pl ■ (6) 

The non-resonant B —>■ MMir decay amplitudes can then be obtained in terms of 
these form factors in a straightforward manner. I give here the expressions for the 
B~ — i> TT+TT"??" amplitude as the other amplitudes can be found in [|T^. We have 
then 

ki2t + s-ml - 3m^)«;-(t)] + {s ^ t)}, (7) 



where 



f 3/2 1/2 , f 



B 



i2t + s-ml-3ml), 



2/2 mj 



'B 

and 

where g is the B*B'k coupling constant. ai^2 ai'e two parameters for the direct terms 
obtained with chiral perturbation theory |jl2[. The amplitudes given in are ob- 



tained with B* pole dominance and no direct terms. However, we found that, al- 
though the B* pole terms are important in the region with large t, for small t, the 
direct terms become appreciable and comparable to the B* pole terms. 
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With fs ~ 128 MeV obtained from fo ^ 200 MeV using the relation 



fs = \lmD/mB (10) 

The couphng constant g, which is independent of the heavy quark mass, can also 
be obtained from the D* Dn which gives g = 0.3 ± 0.1 [|l^. This is more or 
less consistent with the values g = 0.15 ± 0.08 |T6[ obtained from K^l^v 
decays. However, we find that for g in the range 0.2 < g < 0.23 and af'' = —0.13 
GeV^/^, a^'' = —0.40 GeV^/^ obtained by extrapolating from the corresponding 
D — s> K* values, a branching ratio consistent with the experimental upper limits 
can be obtained. We find: 3.4 x 10"^ < BR{B- < 3.8 x 10-^ 

1.4 X 10"^ <BR{B~ K'K^n^) < 1.5 x 10"^, We also obtained using the same 
set of parameters : 1.5 x 10"^ < BR{B- n-n^n^) < 1.7 x 10"^ and 1.0 x 10~^ < 
BR{B~ 7i^i]r]) < 1.1 X 10~^ . We note that the contributions to the branching 
ratios from ai 2 are very important and that the upper and lower limit we give above 
correspond to the two values g = 0.23 and g = 0.20 respectively. The difference is 
insignificant and one can say that to produce a branching ratio consistent with the 
experimantal limit, g should be around 0.20. 

The resonant decay amplitude, in the narrow width approximation, is given by 

Si : 
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M{xoc ^ MM) + {s^ t). (11) 

To have an estimate for the resonant amplitude, we use the estimate BR{B^ — 
Xco 7r^)x BR{xco — > tt+tt") = 5 x 10"'^ derived in 0, |^ and the Xco decay data [ P7[ . 
The interference term which produces CP asymmetry occurs in the kinematical region 
where the MM invariant mass is close to the mass of the Xco meson. The partial width 
in this region where s is between s^m = ("^xoc " 21^^ J ^ and Smax = ij^xoc + 2r^oJ^, 
is given by: 

= ,^ , 3 _ 3 X / ds dt\Mnr + Mr\^. (12) 

The CP-violating asymmetry is defined by 

F — f 

A= " -r (13) 

r + r 

With the same values for g and ai^2 used in the total decay rates calculation, we 
find, for the absolute of the asymmetry \A\\ 
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0.33 sin7 < tt+tt-tt^)! < 0.34 sin7 

0.44 sin 7 < \A{B^ K^K-n^)\ < 0.45 sin 7, 

0.23 sin7 < \A{B^ nW^)\ < 0.24 sin 7 

0.17 sin7 < \A{B^ VVt^^)\ < 0-20 sin7. (14) 

As mentioned above, the upper and lower limit for the absolute CP asymmetry 1^41 
in (|T^) corresponds to g = 0.23 and g = 0.20 respectively. The difference in the two 
values is insignificant. 

In conclusion, we have analyzed the partial width CP asymmetry in MMn^ 
decays (M = 7r+, K'^, n^, rj) . Depending on the decay modes, the CP asymmetry 
is estimated to vary between 0.2 sin 7 and 0.45 sin 7. These values could suffer from 
various uncertainties coming from the approximation for the 3-body amplitude and 
experimental errors in the CKM matrix elements and form factors involved, but would 
remain to be large so that direct CP violation could provide us with a mean to measure 
the angle 7. 

I would like to thank S. Narison and the organisers of QCD99 for the warm 
hospitality extended to me at Montpellier. 
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